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A method of forming polymer films 

This invention relates to a method of forming a layer of polymer on a substrate. 

It is wbM known in the art to use fluorinated, particularly peril uorlnatad, materials as coatings for 
luhrication or for passivation. Fluorinated materials are noted for possession of low coefficient of 
friction, low surface energy and a high degree of chemical inertness. It remains, however, a difficult 
s problem to adhere a parfluorinated material to o substrate. Perfluorinatad long chain acids and salts are 
rigid and have a tendency to crystallize. They also have relatively high viscosity, high vapour pressure 
and low cohesive energy. The combination of these properties makes it very difficult tD build up a stable 
monolayer assembly of such a material on a substrate. 

The prior art shows that multi-layer or monomDlacular layers of vinyl BtearBte can be polymerized 
t0 by a solid state reaction. Sea Paterman Bt al, J. Colloid and interface Sc|„ 47, 705 (1974), end A. 
Camel et el, J. Polyrn. Scl., A — 1, 2061 (1972). 

According to the Invention there Is provided a method nf forming a iByar of polymer on a substrate 
surface comprising depositing on the substrate surfaco a mono molecular layer of a monomer, 
characterised in that the monomer has the formula 

" tCF^— (CF 2 l n — (CH) m — X— COO) a M 

or 

so (CF a — (CF a ) n — (CHJ m — X — (CH a ) L — COO), M 

wherein n is 6 to 20. each of m and L is 6 to 10, x Is — CH=CH- — or — C=C— , and M is a divalent 
cation, and polymerizing said layer. 

Preferably the polymerization is carried out by exposing the manomoleeular layer to ultraviolet or 
its gemma radiation. 

The particular solid substrates for the use of the present invention are hydro phi lie surfaces Ilka an 
oxidized metal, semi-conductor or dielectric. As particularly Important examples, there may be 
mBntfonad silicon dioxide, aluminum oxide, fused silica and glass. The salt gioup enhanced the 
attachment of the monolayer to tha substrate and also Its thermal stability as Bhown by thermal 

jo gravimetric analysis. In addition, the double or triple bond, which is strategically placed between the 
carboxylic add group end the CF a groups, undergoes solid state polymerization when exposed to 
ultraviolet radiation or gamma rays. The polymerization results In a highly oriented thin polymer film 
which is insoluble due to cross-linking via the — CsC — bond and consists of high molecular weight 
species* This film Is conform a I and pin-hole freB. In addition. It has a low surface energy (contact angle 

as of 94.5° with CH 3 tj}. ESCA [Electron Spectroscopy Chemical Analysis} shows that the correct ratio of 
CFj/CFj and C/F exists in thB film. Thia film possesses the following advantages; 

a. The deposition and polymerization occur at room temperature so that sensftfve metallurgies 
are not subjected to thermal stresses. 
4Q b. The film thickness is malecularly engineered and controlled by the length of the extended 
chain monomer length. 

c. The ffuorocarbon groups are not subject to bacteria attack as are sqihb fully hydrogenated fatty 
acids. 

d- Also, by judiciously controlling the F/C ratio, the lateral cohasivB energy between the 
«e molecules cbh ba increased to Improve upon the film's thermal stability. 

e. Mechanical durability and thermal stability of a high molecular weight craaa-llnked polymer. 

A long alkyl chain is required for the monomer used In the present Invention. To compensate for 
the larger cross section diameter of the fluorocarbon segment, a long alkane chain Is required to allow 
50 cr oss linking through the double or trip la bond upon exposure to gamma rays or ultra violet radiation. 
This Is a topotactlc requirement for polymerization or cross-linking to occur. That Is, the double or triple 
bond distance must be close enough to each other to form a Sigma bond. 

A certain fraction of conventional unsaturated compounds, for example omege-tridacenoic acid or 
alkenes, may be mixed in with the fluorinated monomer during monolayer formation in order to 
m compensate for the larger cross-sectional diameter of the fluorlnated group. The presence of such an 
unsaturated material contributes to the cross-Unking. 

The partially fluorinated fatty adds are synthesized by the procedures outlined end described 
below. These fatty acids are thereafter converted to metal Bafts thereof, each comprising r divalent 
cation. 

so 
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CF a tCF 3 ) n l * CH,=CH— lCH 2 ) m — OH 



AIBN/VO — BO°C 



V 



CFglCFji^ — CHjf— CH — (CHjJrt, — OH 
I 

Zn/HCI/EtOH 
CF 3 (CF a ) n — CHj — CH 2 — CH a lCH 9 ) m — GH 
M&C|/C a H a ) a N/Et a O 
CF^CF.l.-CHj-CHi— ICH a J m — OMs 
Kl/Acetone 

CF a [C F a | rt — C H , — CH z — I CH 3 ) m I 
HCsCLi 
Br(CH 3 ) t C0 2 C 4 H B 
i-Bu Li 

CF 3 tCF a J ri CH 1 CH a tCH J l (p -C=C-HCH a ) L C0 2 H 
5% Pd — BaSO. 



V 



W a lCF a ) B CH a CH 1 (CH a J 11 ^H-CH-HCHj 1 cO a H 

CF 3 (CF,)J + CH^H-tCH^-OH 

AIBN/70— 80° C 
CF 3 (CF a ) n — CH a - — CH — (CH a l m OH 



Zn/HCI/EtOH 
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CPafCPj),, — CH a — CH a — (CH a ] rt — OH 



MsCl/(C 3 H B l 3 N/EtjO 



V 



CF a (CF ? )— CH,— CHj— |CH 3 ) m — OMs 



10 



IS 



20 



K(/ Acetone 
CFJCF,) 0 — CH,— CH a — (CH,) m — 1 

Dlisopropylarnlne 
n-8j Li 



30 



so 



35 



40 



4E 



SO 



SB 



BO 



0 

HC m C— COH 



V II 

CF a ICF a ) n — CH*— CH^ tCH 3 ) m — C=C—COH 
596 Pd— BaS0 4 
H, 



CF a (CF a ) n CH a CH z (CH a )^CH=CH— COH 

Addition of 1-iodoperfluoroheptane to aj-undecylenyl alcohol using AIBN Initiator, o»-undecylenyl 
alcohol [17.1 g.: 0.10 mole). iHodoperfluorohsptane (49.6 a-: 0.10 mole), ar>d azoblsisobutyronitrile 
(AIBN) (1.94 g.; O.OI mole) were heated under nitrogen at 70 — B0°C for 6 nr. and cooled to room 
temperature, whereupon the whole mixture was solidified. Yield of the addition product waa over 9096. 

Zinc reduction of l-lodoperfluoroheptane adduct to w-undecylenyl alcohol — A solution of the 
addition product (0.10 mole) In 1 60 ml. ethyl alcohol wee saturated with anhydrous hydrogen chloride 
and heated to 60 — 60»C. Zinc powder (9.8 g.j 0.1 5 mole) was added periodically at such a rate that no 
excessive foaming shouW occur. The solution was resaturated with dry hydrogen chloride at times 
when zinc dust failed to read- After the addition of zinc had been completed, the solution was 
continued to reflux for an hour. Alcohol w&s removed by distillation at reduced pressure and the residue 
was poured into water and extracted three limes with ether. After drying over anhydrous magnesium 
sulfate, the solvent was removed under reduced pressure and the product. CF,CF 2 ) B (CM 3 ),,OH was 
isolated in 75% yield- 
Anal. Calcd. for C 1B H a3 F, B 0: C, 40.00; H, 4.26; F, 47.69 
Found: C. 40.18; H. 5.10; F, 47.50 



Reaction of CF 3 (CFj), (CH 3 )„OH with methanasulfonyl chloride. To a solution of CFalCFaJ,, 
fCHjJ^OH [2.70 0.02 mole) in SO ml. anhydrous diethyl ether was added 0.7 ml. of triethylamirte 
and the solution was cooled to O'C. Methanasulfonyl chloride I0.4 ml; 0.02 mole) was added dropwisa. 
ff* After stirring at 0°C for 0.5 hr., the reaction mixture was brought up to room temperature, the amine 
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hydrochloride salt was filtered off and the remaining ether solution was evaporated to dryness to giva 
quantitative yield Of CF 3 {CF 3 ) B (CH,) n 0M3, m.p. 50 D C. 

Anal. Calod. for C 1fl H IE F 1s 0 3 0: C, 38.69; H, 4.05; F, 46.12 

Found: C, 37.55; H, 4.12; F, 46.72. 

Reaction of CF 3 {CF,) a (CrU^OMs wfch Potassium Iodide — CF a <CF 2 ), (CK a l„OM3 (6.6 8 a-; 0.01 
mole) and potassium todidB (3.32 g.; 0,01 mole) In 200 ml. reagent acetone was heated to reflux for 2 
ro nr.. cooled to room temperature and the solid residue wbs removed by filtration. Tha remaining acetone 
solution was evaporated to dryness to giva CF,lCF a )„ (CH 2 ).,,l in 85% yield, m.p. 32 *C. 

Anal. Calcd. tor C 1S H„F 1S I: C, 32.23; H. 3.38; F, 43.64 

Found: C, 32.00; H, 3.35; F. 43.89. 

Preparation of CF 3 <CF 2 )„ (CHJ,, 

O 

II 

G=C — COM— 



so 



25 



In a throe-necked round bottom flaak fitted with condansar, nitrogen Inlet, drying tube, and septum 
were placed dllsopropylamlnB (i.Ofl g. 0.01 mole), 21.0 ml. pDtaaaium-dry tetrahydrofuran end 3.0 ml. 
of hexamethylphosphoramlde. The ra action mltctura was cooled to -7 B g C In a dry ics-acetone path, n-> 
Butvllfthlum (4.5 ml. of 2.5 M; 0.01 mole) was atjded dropwlse with a syringe. After stirring at -78 C C 
for an hour, a 10% solution of proplollo acid (0,35 g.; 0.0005 mole) in pMamethylphosphoramidB (3.5 
g.) was added dropwisa while keeping tha temperature below -60 Q C. After stirring at -7B°C for an 
hour CF tCF 2 ) 0 (CHjJ^l (3.03 g.; 0.005 mole) In tatrahydrafuran [36 rnl.) and hexamethylphoflphor- 
M amlda (5* ml.) was added dropwisa. After an additional two hours, tha reaction mixture was brought to 
room temperature, and let stir for 2 houra before hydrolyelaed with water. Acidification of the solution 
with dllutB HCI was followed by extraction three times with diethyl ether. The combined ether extracts 
were dried over anhydrous magnesium sulfate. 

« O 

H 

CF^CF^ (CHjl^CsC— COH 
46 was isolated in 6096 yield after all of the solvent had bean removed under reduced pressure, m.p. 70°C. 
Anal. Calcd. for C 31 H„F 1B O a : C, 42.57; H. 3.88; F r 4B.14 
Found: C, 42.50; H, 3.98; F, 4B.10 

45 the monolayers were prepared from a 1 x lO -0 molar solution In chloroform. Approximately 1 00 

ill of solution were placed on the water surface, drop by drop. The water was buffered to a pH from 6 ro 
7 and a temperature of 1 H to 20 d C. A weight of 70 mg (27 dynes/cm) pulled the float, compressing tha 
monolayer coverage to an area of approximately 5.3 x 30 cm. Transfer to fused silica substrates was 

so accomplished by dipping into and out of the tank. 

Non-polymBrlzad salt of partially fluorinated fatty acid comprising a dlvalBnt cation gave a contact 
angle of 94.5* with methylene iodide, showing a low energy surface. Cross linking was accomplished 
with a uv lamp and was monitored by the disappearance of thB uneaturation. 

These unsaturated polymerized salts of partially fluorinated fatty acids convert a high energy 

$s surface to a low energy surface giving batter lubricating prop Brties. The layer of polymerized salt of tatty 
arid showed Improved adhesion to the substrate as well as the low surface anergy. 

Claims 

so l . A method of forming a layer of polymer on a substrata surface comprising depositing on the 

substrate surface a monomolecular layer of a monomer, characterised In that the monomer has the 
formula 
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(CF a — (CF a )„ — (CH a ) m — X — COO), M 
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(CF 3 — lCF s > n — fCH 2 ) m — X— (CH,J L — COO), M 

wherein n Is 6 to 20. each of m and L la 6 to 10, X is — CH-CH— ar — C=C— , and M is a divalent 
cation, and polymerizing sard layer. 
B 2. A method as claimed in claim 1, In which the polymerization Is carried out by Exposing the 

rnonomolecular layer to ultra violet or gam me ray radiation, 

3. A method ae claimed in claim 1 or 2, In which the substrate has a hydrophlllc surface. 

4. A method as claimed lr> claim 1 or 2, In which the substrate la made of metal oxide. 
B. A method as claimed In claim 1 or 2, In which the substrate la made of silicon dioxide. 

to 

Ftevendlcatlone 



1. Precede do formation d'une couche de polymere $ur la surface d'un subatrat. component de 
depot sur la surface du substrat d'une couche rnonarnol$culaire d'un monomere, caracterise en ce que 
jb le monomere a com me formula: 



IC^a — tCFi) n — (CH 1 ) m — X — C00) 3 M 



ou 

20 

ICFj— tCF,) n — (CH a ) m ^X— (CH^— COO) a M 

ou n a une valBur comprise entre G et 20, bornea Indues, m et L Dnt chocun una valour comprise antre 
6 et 10. barnas Indues, X represents — CH=CH — or — CmC — , et ou M Bat un cation bivalent, et en ce 
25 que tadita couche est polymeries e. 

2. Procede selon la revendlcatlon 1 . caracterise en ce quo la polymerisation safalt en exposant la 
couche monomoleculalre A des rayons gamma ou ultraviolets. 

3. Precede" selon Tune des revendlcaflons 1 ou 2, caractfirlae en ce que le subetrat a une surface 
hydrophile. 

3D 4, Precede scion Tune des revendlcatlons 1 ou 1, caracterise en ce qua le substrat est un oxydB 
de matal. 

5, Procede selon Tune des revendlcatlons 1 du 2 caracteriBB bh ce que le substrat est du bioxyde 
de sllictum. 



38 Patentanspruche 



1 . Verfahren zur Meratellung elner Porymerschtcht auf der Oberflache elner Unterlage, bel dam auf 
der OberflSche der Unterlage eine manomolekulare Schlcht elnea Monomere n abgeschteden wird. 
dadurch oekonnzerchnet, daS das Monomere die Forme In 

tCF a -™KCF 2 ) n — (CH a ) m — X — COOJj M 

oder 



(CFj— (CF 4 ) — (CH a ) ra — X™(CH 3 ) L — CO0i a M 

aufweist, in denen n 6* bis 20 und m und L Je 6 bis 10 bedeutan; X bedeutet ~CH=CH — oder 
— CesC— und M efn dlvalentes Katlon; und daB dlese Schioht polymertslert wird. 

2. Varfahren nach Anapruch 1, dadurch gekBnnzeichnet, da& die Polymerisation der 
mDnomolBkularan Schlcht cfurch Bestrehton mlt ultravloletter Oder i-Stnahlung durchgefuhrt wird. 

3. Verfahren nach den Anspriichen 1 oder 2, dadurch gekennzelchnBt. aa(J die Unterlage eine 
hydrophile Qberflatihe aufweist. 

4. Verfahren nach den Anspruchen 1 oder 2, dadurch gekennzefchnet, daB die Untertags aus einam 
Metalloxid besteht. 

5. Verfehren nach den Anspriichen 1 oder 2, dadurch oeftennzBlchnBt, dass die Unlertag a us 
Sificium-dtoxid bests ht. 
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